Ascorbic acid-induced crosslinking of lens proteins: evidence supporting a Maillard reaction.
The incubation of calf lens extracts with 20 mM ascorbic acid under sterile conditions for 8 weeks caused extensive protein crosslinking, which was not observed with either 20 mM sorbitol or 20 mM glucose. While no precipitation was observed, ascorbic acid did induce the formation of high-molecular-weight protein aggregates as determined by Agarose A-5m chromatography. Proteins modified by ascorbic acid bound strongly to a boronate affinity column, however, crosslinked proteins were present mainly in the unbound fraction. These observations suggest that the cis-diol groups of ascorbic acid were present in the primary adduct, but were either lost during the crosslinking reaction or sterically hindered from binding to the column matrix. The amino acid composition of the ascorbic acid-modified proteins was identical to controls except for a 15% decrease in lysine. Amino acid analysis after borohydride reduction, however, showed a 25% decrease in lysine, a 7% decrease in arginine and an additional peak which eluted between phenylalanine and histidine. Extensive browning occurred during the ascorbic acid-modification reaction. This resulted in protein-bound chromophores with a broad absorption spectrum from 300 to 400 nm, and protein-bound fluorophores with excitation/emission maxima of 350/450 nm. A 4 week incubation of dialyzed crude lens extract with [1-14C]ascorbic acid showed increased incorporation for 2 weeks, followed by a decrease over the next 2 weeks as crosslinking was initiated. The addition of cyanoborohydride to the reaction mixture completely inhibited crosslinking and increased [1-14C]ascorbic acid incorporation to a plateau value of 180 nmol per mg protein. Amino acid analysis showed a 50% loss of lysine, and 8% decrease in arginine and the presence of a new peak which eluted slightly earlier than methionine. These data are consistent with the non-enzymatic glycation of lens proteins by either ascorbic acid or an oxidation product of ascorbic acid via a Maillard-type reaction.